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The greatest epidemiological significance of leptospirosis in Europe comes 
from the fact that it is the most widespread zoonosis in the world. However, epi-
zootiological data, especially information on maintenance hosts such as small 
wild mammals, are largely missing. To fill this gap in data in Serbia, we used RT-
PCR for the detection of pathogenic Leptospira species and analysed 107 animals 
belonging to six species of small wild mammals (Apodemus agrarius, Apodemus 
flavicollis, Microtus arvalis, Myodes glareolus, Microtus subterraneus and Sorex 
araneus) collected from two localities. The animals from the first locality that was 
situated in a tourist area, were collected for four consecutive years (2014–2017). 
We found persistent incidence of infection from year to year ranging from 6.67% 
to 78.57%. The average frequency of infected animals was 33.3% with the highest 
frequency in 2014, the year characterised by a very high number of flooding days. 
All animals proved to be infected with pathogenic Leptospira species that were 
collected from the second locality situated in an agricultural area in a single year, 
2014. The findings show a variable but constant presence of pathogenic Leptospi-
ra species in populations of small wild mammals in the studied areas, which indi-
cates the need for constant monitoring.  
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Zoonoses are infections naturally transmissible from vertebrate animals to 
humans. The transmission may occur through direct contact with animals or indi-
rectly, e.g. through the consumption of contaminated food products. Although 
leptospirosis is recognised as the most widespread zoonosis in the world, its in-
cidence is still increasing (Bharti et al., 2003). Pathogenic spirochetes of the ge-
nus Leptospira have an impact on a wide variety of mammalian species, includ-
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ing livestock, domestic pets and humans. Costa et al. (2015) estimated that there 
are more than a million cases of leptospirosis with almost 60,000 deaths in the 
human population worldwide. 
At the present time, a classification based on DNA homology recognises 
20 species of the Leptospira genus with nine pathogenic ones: Leptospira alex-
anderi, L. alstonii, L. borgpetersenii, L. interrogans, L. kmetyi, L. kirschneri, L. 
noguchii, L. santarosai and L. weillii (Picardeau, 2013). Furthermore, the genus 
is categorised into 25 serogroups and more than 300 serovars (Picardeau, 2013). 
PCR methods are used most commonly instead of the technically more demand-
ing DNA-DNA hybridisation (Ahmed et al., 2012a,b). The species with a global 
distribution (L. interrogans, L. borgpetersenii and L. kirschneri) are genetically 
more diverse and the majority of pathogenic serovars belong to them. The broad 
geographical distribution includes both rural and urban areas of tropical, subtrop-
ical and temperate regions. The spread of some pathogenic Leptospira species is 
associated with the expansion of the maintenance host area. It is assumed that the 
expansion of the brown rat, Rattus norvegicus, introduced L. interrogans serovar 
Icterohaemorrhagiae to Western Europe during the 18th century (Alston and 
Broom, 1958). By now, the risk of disease outbreaks in the developed countries 
has shifted from occupational exposures to different recreational exposures 
(Richard and Oppliger, 2015), especially the ones connected with water. In some 
regions, though, the dynamics of the environmentally transmitted Leptospira 
pathogens have not been well characterised yet. The environmental factors that 
influence their abundance and distribution, and therefore the risk of infection, are 
still poorly understood. 
Pathogenic Leptospira colonises the kidneys and persists as a chronic in-
fection of the renal tubules in animals designated as maintenance hosts (Gamage 
et al., 2011; Perez et al., 2011; Calderon et al., 2014; Andersen-Ranberg et al., 
2016). The infection is usually transferred from animal to animal by direct con-
tact. Via urine, Leptospira has been distributed into the environment where it 
survives for a period that ranges from a few hours to several months depending 
on the species, serovar and the characteristics of the environment (Hellstrom and 
Marshall, 1978; Khairani-Bejo et al., 2004; Trueba et al., 2004; Thibeaux et al., 
2017). The most important maintenance hosts are small wild mammals, which 
may transfer infection to other wild and domestic animals, pets, and humans that 
are typical accidental hosts (Levett, 2001). Although major leptospirosis out-
breaks occur in subtropical and tropical regions, in temperate areas leptospires 
usually produce sporadic epidemics (Watt, 2010). Infections in humans may oc-
cur after contact with moist soil, vegetation, flood or freshwater contaminated by 
the urine of infected animals.  
There is no data on Leptospira presence in maintenance hosts in Serbia, so 
the goal of this study was to determine the prevalence of Leptospira infection in 
small wild mammals in human settlements surrounded by wildlife. 
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Materials and methods 
Animals were collected from two localities. The first one was in the sur-
rounding of Vlasina lake (42.736060°N, 22.332332°E) in a protected area (land-
scape of outstanding features), a well-known tourist destination in the southeast 
of Serbia. The second locality was an agricultural village, Misača (44.360833°N, 
20.544722°E) in central Serbia. The capturing was carried out by using Long-
worth traps provided with hay and food. Eighty-one animals were collected from 
the locality Vlasina during four consecutive years (October 2014, June 2015 and 
2016, July 2017), while in the locality Misača 26 animals were collected in June 
2014. In the locality Vlasina, the animals were caught on meadows and in forests 
located in the vicinity of a lake. In the locality Misača, the traps were set up 
along a small stream flowing through the village. Both locations were character-
ised by a high level of soil moisture due to being close to a water surface. There 
were multiple floods that affected the southeast of Europe (ESRI, 2015) in May 
2014. According to the report of the Hydrometeorological Service of Serbia, the 
year 2014 had an annual rainfall 93% higher than the average (http://www.  
hidmet.gov.rs/podaci/meteorologija/eng/2014.pdf) and was the second warmest 
year on record since 1951. 
The collected animals were transported to the laboratory and euthanised 
with an overdose of anaesthetic (diethyl ether, Carlo Erba), while the biometric da-
ta of all animals was noted. Tissue samples were extracted and stored at −20 °C. 
All procedures performed on animals were approved by the Ethical Committee 
for the Use of Laboratory Animals of the Institute for Biological Research 
‘Siniša Stanković’, and done in accordance with the legal and ethical guidelines 
as indicated in Directive 2010/63/EU of the European Parliament and the Coun-
cil of 22nd September 2010. 
Kidney samples, weighing approximately 20 mg, were cut into small piec-
es each with a sterile scalpel and then homogenised. Genomic DNA was extract-
ed by using Quick-gDNA Midi Prep Kit (Zymo-Research, CA, USA) in accord-
ance with the manufacturer’s procedure, following overnight digestion with pro-
teinase K at 55 °C. For all samples, the quality and quantity of the extracted DNA 
samples were determined with a spectrophotometer. 
We applied RT-PCR assay using a TaqMan probe and primers designed to 
target lipL32, which is present only in pathogenic Leptospira species, developed 
by Stoddard et al. (2009). The amplification protocol on the AriaMx Real-Time 
PCR system (Agilent Technologies, CA, USA) consisted of 95 °C for 3 min, fol-
lowed by 45 cycles of amplification (95 °C for 15 s and 60 °C for 30 s). The 
samples with a Ct value below 37 were considered to be positive. 
Statistical comparisons of frequencies of infected animals between succes-
sive years in the locality Vlasina were done by the chi-squared test using Statisti-
ca 7 software (StatSoft, Inc., 2004). 
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Results 
A total of 107 animals belonging to six species were collected, including 
54 yellow-necked mice (Apodemus flavicollis), 21 common voles (Microtus ar-
valis), 17 bank voles (Myodes glareolus), seven striped field mice (Apodemus 
agrarius), seven European pine voles (Microtus subterraneus), and one common 
shrew (Sorex araneus) (Table 1). The diversity of species was higher in the lo-
cality Vlasina than in the locality Misača. Four rodent species and one insecti-
vore were caught in the locality Vlasina, while in the locality Misača only two 
Apodemus species (A. flavicollis and A. agrarius) were present. 
The number of tested animals varied from 14 animals in 2014 to 28 in 
2015 during the four years of the study in the locality Vlasina. The frequencies of 
infected animals ranged from 6.67% to 78.57% (Table 1). Differences in fre-
quency of infected samples were statistically significant between years 2014/ 
2015 (X2 = 4.81; P < 0.001) and 2015/2016 (X2 = 6.07; P = 0.014), but insignifi-
cant between 2016/2017 (X2 = 0.34; P = 0.559). During the four successive years 
the most frequent species at Vlasina was A. flavicollis (43.21%), followed by M. 
arvalis (25.93%) and M. glareolus (20.99%). 
The highest prevalence of pathogenic Leptospira species was found in M. 
glareolus (52.94%) and A. flavicollis (34.29%) in the locality Vlasina. In that ar-
ea, the highest level of infection (78.57%) was detected in 2014. 
In the locality Misača all animals belonging to two species (A. flavicollis 




Small wild mammals are important reservoir hosts for different zoonotic 
pathogens which can be transferred to humans and domestic animals. Epizooti-
ological data in Europe are scarce despite the great epidemiological significance 
of leptospirosis (ECDPC, 2016). Only a few surveys in domestic animals were 
conducted in Serbia in the last decade (Manić et al., 2014; Obrenović et al., 
2014; Vojinović et al., 2015), despite the fact that leptospirosis infection is still 
common in humans (Svirčev et al., 2009; ECDPC, 2016). A high seroprevalence 
(26.7%) of Leptospira-specific antibodies was found in domestic cats in a previ-
ous study in the Belgrade region (Obrenović et al., 2014). Lower seroprevalence 
was reported in dogs (14.0%) and in horses (6.3%) (Vojinović et al., 2009). 
Small wild mammals are considered to be the maintenance hosts of Leptospira, 
therefore the more frequent effective contacts of cats with these primary reser-
voirs of bacteria result in higher incidence of infection in cats compared to dogs 
and horses. Until now, there was no survey in Serbia in populations of small wild 
mammals. The average frequency of small wild mammals found to be infected 
with pathogenic Leptospira species in the present study (33.3%) is comparable to 
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values published from the neighbouring countries. The seroprevalence of Lepto-
spira species was reported to be 29.9% (Stritof Majetić et al., 2014) and 46% 
(Tadin et al., 2012) in Croatia, while a 18.3% prevalence rate was detected by 
PCR in Hungary (Kurucz et al., 2018). A much lower frequency (based on RT-
PCR) of infected small wild mammals (5.9%) was found on three different sites 
in Germany (Obiegala et al., 2016). Temperature is one of the factors limiting the 
survival of leptospires. Therefore, the disease is seasonal in temperate regions, 
with the peak incidence occurring in the summer or autumn. Human cases of lep-
tospirosis are rising from north to south of Europe (ECDPC, 2016). This can ex-
plain why the frequency of infected small wild mammals is much lower in Ger-
many than in the South European populations. Besides increasing the average 
temperature, global warming affects the incidence of floods that could potentially 
lead to the rise of Leptospira spreading in the future. 
A further important factor in the maintenance and spread of Leptospira is 
moisture. This is illustrated by the extremely high frequency of infected animals 
in 2014 in both localities, with all animals being infected in the locality Misača. 
After the outbreak in 2014, probably caused by floods, the frequency of infected 
animals in Vlasina significantly decreased in the subsequent years. Contrary to 
our findings, a survey examining 60 small wild mammals using nested-PCR 
method in Poland showed that the number of infected animals did not correlate 
with flooding (Wójcik-Fatla et al., 2013). It is possible that the size of the flood-
ed area can directly affect the spread and intensity of infection, or can indirectly 
influence the population dynamics of small mammals. The urbanisation of natu-
ral areas can have an effect on both humidity and temperature. For instance, 
based on the seasonal incidence of Leptospira among small wild mammals in 
Barcelona, Millán et al. (2017) suggested that people could face a higher risk of 
infection with Leptospira in Mediterranean periurban areas. 
The most common method to diagnose leptospirosis is the use of serologi-
cal tests: microscopic agglutination test (MAT) and the detection of immuno-
globulin M – IgM (ELISA) antibodies (Budihal and Perwez, 2014). In addition, 
immunoglobulin G – IgG specific ELISA kits are also commercially available 
for the detection of antibodies against Leptospira. Molecular techniques (PCR, 
RT-PCR) are capable of detecting the presence of leptospiral DNA even if it is 
found in a small number of copies. The unequal sensitivity of the applied labora-
tory methods could produce differences in the level of Leptospira detection. For 
instance, in a sample of 103 human patients with meningitis of unknown cause 
Romero et al. (1998) showed that the detection of Leptospira was highly de-
pendent on the applied method. They detected 3.9% positive cases by ELISA, 
8.7% by MAT and as many as 39.1% by PCR. This indicates that the prevalence 
of leptospirosis could be much higher in the natural populations of small wild 
mammals than it was obtained before the application of molecular techniques. 
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The sensitivity of the RT-PCR method applied in this analysis allowed a more 
precise estimation of Leptosipra infection in the maintenance hosts. 
Today, the incidences of recreational exposure are increasing, while the 
incidences of occupational exposure are decreasing in the developed countries 
(Richard and Oppliger, 2015). All freshwater sport activities potentially increase 
the number of human infections in places with the permanent persistence of Lep-
tospira. Our results show a variable number of infected animals but the constant 
presence of pathogenic Leptospira in the populations of small wild mammals in 
the tourist locality Vlasina which indicates the need for constant monitoring. Ac-
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